ABSTRACT
INTRODUCTION
The relationship between trade balance and exchange rate is an important issue for both monetary and fiscal policy analysis of all economies. Most of the underdeveloped economies usually suffer from trade deficit due to imprecise implementation of monetary and fiscal policies. Currency devaluation is sometimes harmful and useful sometimes to achieve the import target of a country. Theoretically, however, exchange rate is a useful factor that determines the trade balance of a small open economy. In some theoretical and empirical models of exchange rate determination trade balance is treated as an exogenous variable under the assumption of unidirectional causality running from the trade balance to the exchange rate variable. As a result, the causal linkage may flow in the opposite direction. It is, therefore, possible to observe causal linkages flowing in both directions.
Balance of Trade refers to the difference between the value of a country's merchandise exports and the value of its merchandise imports. Bangladesh is a small open economy. The trade regime of Bangladesh has undergone many changes over the years. It had difficulties in import financing during the 1970s immediately after her independence. Initially, it followed the line of import substitution, which implies restricting imports. But with the change in government policy towards promoting a laissez-faire economy and with inflows of foreign aid in increased volumes, Bangladesh started to import more in the early 1980s. There was a marked departure in the trade policy of Bangladesh when its trade policy was substantially liberalized with the implementation of the financial sector reforms program in the 1990s. Since 1992, Bangladesh has continued to liberalize its trade regime, by, inter alia, greatly reducing tariffs and eliminating some quantitative restrictions on imports. Despite the substantial reforms of the financial sector, Bangladesh has been experiencing deficits in trade balance.
A number of research has been considered the trade balance models along the lines of the Marshall-Lerner (ML) and found that the ML condition holds in the long-run with varying degree of the J-curve effects in the shortrun, see for example, Boyd et al. (2001) , Mahmud et al. (2004) , Rose (1991) , and Wilson (1993) . Bahamani-Oskooee and Ratha (2004) is a good survey on ML and J-curve showing mixed results on this issue. Many empirical analyses conducted to investigate how exchange rate changes affect the trade balance of developing and developed countries using multi-country panel regressions and econometric models (Wilson, 2001) . Despite the vast theoretical and empirical research on how exchange rate changes affect trade balance, there is still considerable disagreement concerning the relationships between these economic variables and the effectiveness of currency devaluation as a tool for increasing a country's balance of trade.
Because of the fundamental association between exchange rate and trade balance, our main objective of this study is to evaluate empirical tests of the relationship between trade balance and exchange rate by the standard econometric techniques. Specifically, this paper investigates the long-run association between the trade balance and the exchange rate of Bangladesh using Engle-Granger cointegration analysis and testing for the Granger causality within the error correction framework. To our knowledge, there is no such study took place that considers these two problems jointly for Bangladesh. Our study with monthly data finds a long-run association between trade balance and exchange rate and establishes a unidirectional causality running from exchange rate to trade balance with stable speed of adjustment coefficients. The speed of adjustment to disequilibrium in the long-run for the exchange rate equation is 0.01%, which is somewhat slow and statistically insignificant. On the other hand the speed of adjustment coefficient to disequilibrium in the long-run for the trade balance equation is 40%, which indicates that about 40% of any deviation from the long-run path is corrected within a month. This error correction equation reveals that unidirectional Granger causality running from exchange rate to trade balance exists for Bangladesh which is as expected for small open economies. This paper is organized as follows. The data, sources of data, and description of the variables are given in section 2. Section 3 describes the methodology used for the proposed study. Empirical results with discussion of the results are reported in section 4. Finally section 5 concludes the paper. 
METHODOLOGY
In this study we use the unit root tests, cointegration and error correction approaches to modeling non stationary time series, and test for non-causality within the error correction framework.
Unit Root Tests
A stationary series is generally characterized by a time-invariant mean, variance and co-variances. However, most of the macroeconomic time series are found to be non stationary. The non stationarity of a time series variable can be tested by the unit root tests developed by Fuller (1979, 1981) . These tests are generally known as Dickey-Fuller (DF) and augmented Dickey-Fuller (ADF) tests. With reference to our two time series variables namely, trade balance and exchange rate variables if found to be stationary then the standard regression method can be applied to estimate the relationship between them. If however, the variables are found to be first order integrated, denoted I (1), i.e. the variables are non stationary in levels then we apply the Engle-Granger (1987) co integration method to estimate and test the relationship between the two non stationary variables.
The Engle Granger (EG) Method
Engle and Granger (1987) developed four steps procedure to determine the relationship between two trending variables known as co integration analysis.
The first step of the Engle-Granger procedure is to pretest the variables under study for their order of integration. This can be achieved by the Dickey-Fuller (DF) and augmented Dickey-Fuller (ADF) unit root tests. Standard econometrics packages e.g. LIMDEP, MICROFIT, E-Views, RATS, SHAZAM and many others can perform this test fairly easily. If the variables under study indicate that both the variables are I(1), then the second step is to estimate the long-run equilibrium relationship between the variables in the following forms. T is the sample size under study.
The final step of Engle-Granger four steps procedures is to assess the model adequacy. The model adequacy can be tested by the Ljung-Box (1978) Q-statistic based on the residuals obtained from model (3) and (4). The speed of adjustment coefficients 2 1 and   can be tested for statistical significance. It is required that these estimates should not be too large. In fact we expect these to be less than 1 in absolute value for stability of the system. The sign and the magnitude of these parameters would indicate the direction of adjustment and speed at which the variables would in the short-run to go back to its long-run equilibrium.
Granger causality within the ECM framework.
Granger (4) by extending the methodology developed by Granger (1969) for more comprehensive test of causality which is applied within the error-correction model. It is to be noted that even in the absence of co-integration between the two variables, the ECM or VEC model can still be estimated to test for short-run standard Granger causality (Bahmani and Payesteh, 1993) . But in that case, the errorcorrection term i.e.
should not be included in (3) and (4) for estimation purposes. In the absence of error correction term, the resulting models (3) and (4) represents a vector auto-regression (VAR) in difference.
EMPIRICAL RESULTS AND DISCUSSION OF THE RESULTS

Unit root test
The ADF unit root tests for the trade balance ( TB ) and the exchange rate ( Ex ) series are given in Table 1 . The optimal lag in the ADF equation is determined by the minimum AIC criterion. Asymptotic 10% critical values are reported in parentheses next to the test values. These tests are performed in SHAZAM. The ADF tests indicate that the null hypothesis of unit root is accepted for both the Ex and the TB series but rejected in their first difference. These variables are thus found to be non-stationary in levels but stationary in first difference i.e. both the variables are I(1). Therefore, application of the traditional regression approach to examining the relationship between exchange rate and trade balance might be spurious. This study, therefore, adopted the Engle-Granger co-integration approach to modeling nonstationary time series variables.
The Engle-Granger co-integration method
The long-run relationship between TB and Ex given in equations (1) and (2) are estimated by the OLS method using SHAZAM package as follows. The essence of the Engle-Granger co-integration test is to determine whether the residuals from (5) and (6) are stationary. There is, however, no theoretical consideration that which one of the two residuals is preferable to the other in performing the test.
We have used the Dickey-Fuller (DF) unit root test on the residuals obtained from (5) and (6) (7) and (8) with the EngleGranger 5% critical value of -3.350 (obtained from Enders, 2004) , the test concludes that both the residuals series are stationary and hence the two series, the trade balance and the exchange rate of Bangladesh are cointegrated. Therefore, the Granger representation theorem indicates that there exists error correction representation between the trade balance and the exchange rate of Bangladesh. The third step of Engle-Granger procedure is to estimate the short-run dynamics and the error correction model.
Short-run dynamics and the ECM estimates
Since the variables are co-integrated, we proceed to estimate the error correction models (3) and (4). In estimating the ECM we used Table 2 and in Table 3 respectively. =13.2677(p-value=0.103) In the Engle-Granger framework, most of the estimated coefficients of ECM (3) are statistically significant at the conventional level. On the other hand all of the estimated coefficients of the ECM (4) are statistically insignificant. However, the coefficients of the lagged residuals ( 1 , 1  t  ) of the estimated equation (3) and (4) reported in Table 2 and Table 3 respectively are of particular interest because they represent the speed of adjustment as well as stability of the system. The absolute values of the coefficients of 1 , 1  t  are found to be less than one in both the equations, which indicates that the system is stable. Moreover, the estimated coefficient 1 (3) indicates that approximately 31% of the total variation in the change of the trade balance is explained by the explanatory variables.
Granger causality test within the error correction framework
Granger causality test can be performed within the error correction model using F-test. The joint test values and the associated p-value of the tests are reported in Table 4 . Granger causality tests reported in Table 4 conclude that the exchange rate Granger cause trade balance while the trade balance does not Granger cause exchange within the error correction framework at the conventional level. Thus from the above test it appears that unidirectional causality running from exchange rate to trade balance exists for Bangladesh.
Considering the above analysis within the error correction framework the exchange rate model casts doubt about the adequacy. While the error correction model (3) for trade balance describes the data adequately well for Bangladesh.
CONCLUSIONS
This paper tested the equilibrium of trade balance and exchange rate hypothesis for Bangladesh using monthly data for the period July 1981 to December 2010. Augmented Dickey-Fuller test confirms that both the exchange rate and the trade balance are unit root non-stationary processes in level but stationary in first difference. The study then applied the EngleGranger four steps procedure in order to determine whether there is any longrun relationship exists between the exchange rate and the trade balance. The results from the co-integration tests support the existence of long-run equilibrium between the trade balance and the exchange rate of Bangladesh. The estimated speed of adjustment coefficient of the ECM for the trade balance equation indicates that approximately 13% of any deviation from the long-run path is corrected within a month. While the speed of adjustment coefficient of the ECM for the exchange rate equation indicates that approximately 0.003% of any deviation from the long-run path is corrected within a month. This low value of the speed of adjustment of the exchange rate model indicates that the short-run exchange rate is unresponsive to the last month's disequilibrium error. The exchange rate equation within the ECM framework indicates no Granger causality exists from trade balance to exchange rate of Bangladesh. While, the unidirectional causality running from exchange rate to trade balance exists within the ECM for the trade balance equation which is as expected as Bangladesh is a small open economy.
